We have evaluated the reinforced laryngeal mask airway (LMA) for use during dento-alveolar surgery in 100 ASA I and II day-case patients allocated randomly to receive either a nasotracheal tube or reinforced LMA. We recorded ease of airway insertion, airway complications, quality of recovery and replies to a 24-h postoperative questionnaire. In addition, a fibreoptic assessment was made of laryngotracheal soiling, and the effect of head movement and the position of the reinforced LMA. There were no significant differences in difficulty in airway positioning or perioperative oxygen desaturation. Nineteen patients in the nasotracheal tube group had epistaxis (P : 0.001) and laryngotracheal soiling occurred in three of these patients. Two reinforced LMA were dislodged on moving into the operating theatre and in a further five patients in this group there was partial airway obstruction (compared with none in the nasotracheal tube group; P : 0.018) which was caused by downward pressure on the mandible by the surgeon. There were no differences in postoperative complications. No surgeon reported poor access to the operating field. Overall the reinforced LMA provided satisfactory conditions for this surgery but vigilance of the airway was required, especially at the time of extraction. (Br.
Anaesthesia for oral surgery requires a technique which provides a stable, unobstructed airway and permits good surgical access with few complications. Recent studies on adenotonsillectomy procedures [1, 2] showed that the Brain reinforced laryngeal mask airway (LMA) provided a satisfactory airway and protection against soiling from the operation site. The reinforced LMA has potential for airway management during surgical exodontic procedures and although this is a commonly used technique [3, 4] , a recent review [5] has highlighted the lack of standardized, randomized studies in this area. To our knowledge no study has been performed to quantify the problems in a standardized, controlled manner.
In this study, we assessed the following: maintenance of the airway, protection against soiling and any effects resulting from manipulation of the temporo-mandibular joint, and movement of the reinforced LMA, which are more pronounced in oral surgery.
Patients and methods
After obtaining local Ethics Committee approval and written, informed consent, we studied 100 consecutive ASA I and II patients undergoing day-case oral surgery (predominantly surgical extraction of wisdom teeth). Patients were allocated randomly to one of two groups: group A received the reinforced LMA and group B the plastic nasotracheal Mallinckrodt tube (size 7.0 in men and 6.5 in women). Patients were aged 18-60 yr with no preexisting lung pathology. Exclusion criteria were contraindications to the use of the reinforced LMA, such as obesity and gastro-oesophageal reflux.
The reinforced LMA was inserted according to the manufacturer's recommended technique [3] . Most adults had a size 4, apart from females :50 kg. In both groups anaesthesia was induced with propofol 1-2 mg kg 91 and fentanyl 1 g kg
91
, and maintained with isoflurane and 70 % nitrous oxide in oxygen. In group A, patients breathed isoflurane and nitrous oxide in oxygen spontaneously via the reinforced LMA. In order to facilitate moving the tube to the other side of the mouth if bilateral procedures were being undertaken, the reinforced LMA was not taped in position. In group B, mivacurium 0.15 mg kg 91 was used to facilitate nasotracheal intubation and maintain paralysis for IPPV with isoflurane and nitrous oxide in oxygen. The nasopharynx was not treated with a vasoconstrictor before inserting the nasotracheal tube, however, the nasotracheal tubes were warmed before use. During the procedure all patients received ketorolac 10 and 20 mg i.v. for postoperative analgesia and a gauze pharyngeal pack was inserted in both groups.
The following were monitored throughout the procedure: ECG, non-invasive arterial pressure, oxygen saturation, inspired oxygen and end-tidal carbon dioxide concentration, and isoflurane concentrations. Airway pressure and neuromuscular function were monitored in patients in group B. The technical problems encountered with each airway were noted. These included difficult insertion, epistaxis, displacement of the reinforced LMA, repositioning and whether or not mandibular support was required to maintain airway patency at any point in the procedure.
After surgery we increased the inspired concentration of isoflurane to 3 % in 100 % oxygen, the larynx, trachea, or both, were inspected for soiling from blood or secretions, and the position of the reinforced LMA was checked. We used the Keymed fibreoptic laryngoscope and advanced it no further than just through the grill of the mask or past the tip of the nasotracheal tubes unless there was obvious airway soiling distally. In group A patients undergoing bilateral procedures, the airway was also examined after extractions on the first side in order to assess any effect of the surgeons moving to the contralateral side. At the end of surgery the pharyngeal pack was removed, the pharynx was cleared by suction and the patients emerged from anaesthesia and in the left lateral position, head down. In group A, the reinforced LMA was removed in recovery when the patients awoke; the dental packs on the extracted tooth sockets prevented biting on the mask. In group B patients, the trachea was extubated with the patient awake.
During recovery, the following variables were noted by the recovery staff: airway maintenanceeasy, mandibular support or airway required, airway conditions-good, coughing, biting, laryngeal spasm, suction-easy/difficult/not required, and desaturation :95 %. After the procedure the anaesthetist and surgeon were asked to grade the quality of the airway and surgical access, respectively, as excellent, good, fair or poor.
Before the patients left the institute they were given a questionnaire to complete 24 h after operation, and their replies obtained by telephone from one of the investigators (A. C. Q., A. S.).
Data were analysed using SPSS v6 for Windows statistical package. Chi-square and t tests were used as appropriate. Significance was considered at P : 0.05.
Results
In total, 100 consecutive patients were recruited to the study, 50 in the reinforced LMA group (group A) and 50 in the nasotracheal group (group B). There were no significant differences in patient data between the groups (table 1) , and there were more females than males.
There were no significant differences in the incidence of difficulties with positioning of the airway, but in group A, two patients required repositioning of the reinforced LMA which was dislodged in transit from the anaesthetic room to theatre (table 2) . There was a significantly greater incidence of epistaxis in the nasotracheal tube group (19 compared with 0; P : 0.001) and a higher incidence of partial obstruction in the reinforced LMA group (five compared with no cases: P : 0.018).
On fibreoptic examination of the airway during reinforced LMA anaesthesia, we found that in 25 cases the epiglottis was positioned outside the mask and in 33 cases the reinforced LMA was positioned centrally over the larynx. There was no laryngotracheal soiling with blood or debris in group A. Fibreoptic examination of the nasotracheal tube group showed that there were three cases of tracheal soiling with blood, all associated with epistaxis after passage of the tube. Soiling consisted of small spots of blood in the trachea below the tube, but there was no evidence of obstruction. One patient in group B developed bronchospasm after induction resulting in mildly increased airway pressures, which stabilized spontaneously during maintenance with isoflurane.
Desaturation did not occur in either group before or during operation, but in the recovery period saturation occurred most often in group B (six compared with two; ns). Desaturation was transient and . After operation there were no other problems with airway management, but the recovery staff reported a qualitatively superior recovery with the reinforced LMA.
There was an 88 % reply rate to the questionnaire which was distributed evenly between the groups (table 3). There was no significant difference between the groups in the incidence or severity of postoperative headache, nausea, vomiting, sore throat, thirst, jaw pain, hoarseness or preoperative anxiety. Overall there was a low incidence of nausea (75 % experienced no nausea) together with a very low incidence of vomiting (5.7 %). After operation, sore throat occurred in 58.9 % of patients which was mostly of a mild nature. The majority (60-70 %) of patients experienced moderate or severe jaw pain after operation.
Comparing overall satisfaction with the airways, anaesthetists felt that both tubes provided an excellent airway in the majority of patients (group B, 
Discussion
The purpose of this study was to assess conditions provided by the reinforced LMA during oral surgery compared with nasotracheal intubation. Although we are aware of its widespread use in this area, we felt it was important to fully study the advantages and disadvantages of the technique and confirm its safety. The use of the LMA in various oral surgical procedures has been studied extensively but the following features have not been elucidated fully: inspection of the position of the mask and obstruction of the airway, and perioperative problems, including airway access, postoperative sore throat and nausea and vomiting, compared with nasotracheal intubation. Our results showed that the reinforced LMA may be used safely in place of nasotracheal intubation during anaesthesia for extraction of wisdom teeth. The mask provided a clear and effective airway in 90 % of cases until emergence from anaesthesia and also provided good surgical access. It is worth noting that this study was carried out at a University Dental Institute where many inexperienced trainee oral surgeons were performing the extractions but who coped well with the reinforced LMA in the oral cavity. We inserted the reinforced LMA according to the manufacturer's instruction but initially found the technique moderately difficult, presumably because of lack of experience with the technique. A recent article examining 1500 LMA insertions by a single anaesthetist [6] illustrates this learning curve-there was an improvement in the author's technique after the first 750 insertions. The reinforced LMA was not taped to the face during bilateral procedures to enable the surgeon to move the tubing of the reinforced LMA if access was poor or on changing operating sides (it was more troublesome to attempt to remove tape under the surgical drapes halfway through the procedure). No repositioning of the reinforced LMA was required as a result of obstruction during operation. The need for repositioning on two occasions occurred on transit from the anaesthetic room to theatre where the mask was accidently pulled out. Both masks were repositioned easily before commencing surgery.
In the five reinforced LMA cases in which partial obstruction occurred, this was caused during downward pressure on the mandible as the forceps were applied round the tooth to remove it from its socket. Unfortunately we were unable to assess the position of the reinforced LMA at that point although we can speculate that it may have been pushed up more against the proximal anterior laryngeal wall. All obstructions were corrected by counter pressure on the mandible. Overall the rate of obstruction was similar to that found previously [7] [8] [9] but there was no correlation with the position of the reinforced LMA over the cords with respect to the epiglottis and the incidence of obstruction.
Interestingly three cases in the nasotracheal tube group were difficult to position, indicating that the standard technique was not without problems. Also, there was a high incidence (38 %) of epistaxis and the only three cases of laryngotracheal soiling occurred in this group. However, we did not pretreat the nasopharynx with a vasoconstrictor.
We were surprised that in the reinforced LMA group there was a high incidence of severe or moderate sore throat compared with the nasotracheal tube group, contrary to previous findings [10] . In part this may have reflected our inexperience with the reinforced LMA (proportionately more sore throats early in the study) but it is more likely to be caused by a gauze dental pack in the pharynx. We deliberated on whether or not the pack was necessary as it has the potential to displace the reinforced LMA leading to obstruction and may be superfluous as the LMA affords excellent airway protection from secretions from above (but not below) [11] . However, given the degree of soiling of some of the packs we preferred to use them and so minimize blood-/secretions entering the stomach. This may be reflected in the low incidence of postoperative nausea and vomiting given the young age of the patients, the high proportion of females, the type of surgery and the fact that no antiemetics were prescribed. 
